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1. Optimization algorithm for Eq. (8)

The objective function in Eq. (3) is a convex optimization problem with differentiable objective
and constraint functions and is strictly feasible (Slater’s condition holds), the Karush—Kuhn—

Tucker conditions provide necessary and sufficient conditions for optimality (Boyd et al., 2004).

We can write the Lagrangian function of the Eq. (3) as:
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where y and A are a Lagrangian multiplier and Lagrangian multiplier vector, respectively
and both of them are to be determined. Suppose that the optimal solution to the proximal

problem (3) is B*, the associated Lagrangian multipliers are y* and A*.
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where, ﬁ:fj denoted the j-th element of vector B;. We can rewrite Eq. (9) as ﬁ}‘j - agk_l) i~
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According to Egs. (10)-(13), we have u; + 4} — 2" = (u; — f“)+, where x, = max(x,0).
We then have ﬁl’-*j = (uj - f‘)+. Therefore, given we know A*, we can compute the optimal
solution B*.

To obtain A*, we rewrite Eq. (13) as A= A+ ﬁ;-‘j — u;. According to Egs. (10)-(13), we

have /1; = (f‘ —uj)+. Since v is a n—1 dimensional vector, we have A1* =

LZ}‘;}(F - j)+. Therefore, we define a function as follows:
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and we obtain A* by solving Eq. (14) to be zero. Since A* =0, f'(2*) < 0,and f'(*) is a
piecewise linear and convex function, we can compute the root of f ’(A_*) = 0 using the

Newton method efficiently.

2. Comparison of predictive performance with four different regional measures in the

proposed model

We performed additional analysis to predict outcomes with four other regional measures,
including betweenness centrality, eigenvector centrality, clustering coefficients, and local
efficiency, computed from the proposed model. We found that clustering coefficients and local
efficiency showed similar performances compared with degree centrality (DC) in terms of the
correlation coefficient, as shown in Table S2. Recent studies reported that DC has been widely
used to examine nodal characteristics of brain network (Buckner et al., 2009; Bullmore &
Sporns, 2009; Cole et al., 2010; He et al., 2009). A study reported that eigenvector centrality
and page-rank centrality showed higher centrality compared with DC for subcortical regions
due to their own self connection (Zuo et al., 2012). Thus, we focused on the study of DC as the

centrality measure to predict the clinical outcomes in the main text.



3. Supplementary Figures

a) Histogram of the optimized A; for all subjects b) Histogram of the optimized A for a subject
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Figure S1. The histogram of the optimized A; during the 5-fold cross-validation tunning
process. The sub-figures (a) and (b) showed the distributions of the optimized A; for all
subjects and for one specific subject, respectively. For histogram plots, we used a base 10

logarithmic scale for the histogram bins.



|
3
§
§
J

-

oy
Lo
os,
L Y%

(o h
1\

. SFN,, N

N Y
Y =
G- &
SO

\

o
=

(e]
~

fixation
competition

_ intention choiceContext familirity

intelligence coordination efficiency  leaming

naming consciousness judgment

reasonin i i ‘mDrDPW‘OQY
1 9 comprehensionmood e gionanion

,hearing ition image, 0
i empathy” " cognition imagery salience

o

inhibition language concept
atouslsiress reward OVeMeNt landuage concen
et planning listening Pain va Engsenaimy priming
(Q expectancy emotion perception expertise "k
anticipationgoal rhythm “i“rTfere‘n Céuve induction e
P i re adaptation
rehearsal integration 5y,gito plation,  sidation
categorizationreading effortgaze UPdating
sf;"egy interference msnlpu\at\or:
itoring CommMunication  fecognition
monitoring maintenance multisensory
distraction

-0.07

9,

N
Na)

integraton
" categorization
reasoning  gogintelligence  consolidation
communication maintenance morphology
learning monitoring consciousness adaptation
planning expertise _attention  ocopiion empatny
1T famiicsie’ rhythm recognition S fxation
emiliarity " rule _inhibition arousal
expectancy reward 11€MOTY readinguncertainty
stress  decision retrie”"\'/al risk _salience
induction action .Y <l emotion  context
0 siategy PIMINgNAMING cognition cemeton
choige v p i
e Emc,ency“;:'r‘ce judgment imagery coorgination
mood intention Movement retention w..,
knowledge __ _interference manipulation
distraction language ;,arB0ag"
o PO oo
‘Comprehension )

=

®
96 96

rehearsal

0

2

i)
i 'v‘vr'lm-r-wﬂ‘ periaqueductal
encoding remeval Categorzation  gubsaquent
ye movement facial expression
anticipatory ventrolateral chosen 9neration
frontopolar ™ face, “semantically jeames
1 theory strategy ,,,ViSUal COMeX incentive,,
bipola disorder D hensi parietal halamic
srepng comPlex COMpreNension oo *et
ne midline rostral ==, _ ¢ | -
videos lemporal redictions
o facs *“pgooice SOUNGS GaPiiS,, ozl
gifficulty pststemporal gyrus Sona s
integrate, N abuse speakers 195
plasticty °°* selective Vinpfc SPoaie S deemrae
oxprossion  episode_incoio " lateral ocCipital cortco
interoceptive PO times
reforred impulsive social interactions d.‘:.fﬁ
cortex dmpfc cortex frontal
hyperactivity disorder

»
0o

0

.

magory

navigation -
coordnaton ananang arousal C2eg0rzation

anticipation  intelligence” 18asoning Pan"ng
EXPQ“E"C{ effort communication adaptation
maintenance gegisi P ering primin
o decisionmontorro
g AUAIONY peiief ynouledge
familiarity empathy COMpPrenension induction o)
ti niion)

~
&%
—_
=

1 morphology fixation

o |;aLl=|I|illg oot
expertise attention, integration - 95“!’19 updating
Sareness rule  1aNJUAJE choice fear g%

leaming naming yalence -~ cho et
cognition - intentign gazePerception inference offciency

T fis
concept  strategy uncertainty judgment
recognition gonsciousness consolidation
interference manipulation Mo0d distraction
mulisensory  competiion
rehe:

recall

arsal  retrieval

o9

%]

Do 0o

=

®

=]
=

nopnn SOOI
maintenance o salonce

muey COMpPrehension .

ing e | g " o

= reading w=""3uditory =

1 o anion lISTENING “aitentionietsens
i - memol

recognten
consoldation

0.07

consclousnos
ng  "raction ", o -
ot soss

concept_NAM 01
= udgment | A€ CISION [42siieg

0 .mu_.m,hearing m0nltbrlng encoding v,

TR | A ngUAQe [ B e
emeatry ) e 2 retrievale
|[jtegrat|on multisensory "<

™ competiton  INterference
merioulaton

D

J

Figure S2. The activation pattern maps and the related cognitive topics for predicting
working memory 2-back accuracy. The mean standardized regression coefficients and the
decoding results for six different network models were plotted in each row. For each row, left
column: mean standardized regression coefficients map. Center column: selection probability

map. Right column: word clouds plot related to cognitive function in the Neurosynth database.
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Figure S3. Venn diagrams for Neurosynth topics
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Figure S4. The activation pattern map and the related cognitive topics for predicting fluid
intelligence. The mean standardized regression coefficients and the decoding results for six
different network models were plotted in each row. For each row, left column: mean
standardized regression coefficients map. Center column: selection probability map. Right

column: word clouds plot related to cognitive function in the Neurosynth database.



4. Supplementary Tables

Table S1. Comparison of Neurosynth topics contributing to the prediction model based

on SFNinpiex and FNgimpiex. The common topics between SFNyimpiex and FNgimpier were marked

with an asterisk.

WM-2bk-acc gF

Rank SFN, simplex FN;, simplex SFN, simplex FN, simplex
1 comprehension*® listening* movement* action*
2 listening* comprehension*® action* retrieval
3 perception*® attention™® imagery* language*
4 language™ auditory* rhythm imagery*
5 auditory* perception™ auditory multisensory*
6 attention™® hearing* multisensory* reading
7 hearing* language™ coordination planning*
8 reading fixation* comprehension naming
9 retrieval inference* language™ memory
10 inference* reasoning* integration movement*
11 valence* decision planning* judgment
12 fixation* inhibition* hearing rule
13 reasoning* gaze reasoning* reasoning*
14 navigation reward listening fixation
15 inhibition* valence* valence interference

Table S2. Comparison of the prediction models based on SF/Nsimpiex to predict WM-2bk-

acc and gF. The prediction performance was reported in terms of RMSE and correlation

coefficient () between actual and predicted scores. The graph metric acronyms were reported

as follows: DC=degree centrality, BC=Betweenness centrality, EVC=eigenvector centrality,

CC=Clustering coefficient, and Eloc=local efficiency.

DC BC EVC CC Eloc

gé r 0.304 0.107 0.181 0.291 0.221

8 RMSE 10.47 10.52 10.51 10.30 10.33

v r 0.287 0.183 -0.026 0.219 0.267
S|

RMSE 4.54 4.20 4.27 4.16 4.11




